A versatile device for carrying out routine laboratory operations in connection with experiments on thermal diffusion is described. It is instructed by a tape-recorder, has four separate information channels and has been applied here to set a series of different temperature gradients across a horizontal film of liquid, to record temperatures and temperature differences at various points in the system, and to record Schlieren traces of the refractive index gradients in the liquid films. It is also capable of stopping the tape-drive during a period when no new instructions are required, and then of re-starting it after a preset interval. Tbis makes it possible to prolong the possible duration of the controlled experiments. Because of its flexibility it can be used to control almost any experiment which can be reduced to a set of sequential operations.
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At a particular stage in many research projects it becomes necessary to carry out a number of repetitive operations in order to accumulate the required body of experimental data.
When this stage is reached, numerous repetitions of an essentially identical sequence of single operations, possibly extending over many hours, may be required from the person running the experiment, and automatic control becomes both possible and highly desirable. Any automatic system of control must, however, be capable of rapid changes in the programme sequence if the development of the research project requires it. The present paper describes a control system which is not difficult to realize and has a very high degree. of flexibility.
The controller has been designed primarily in connection with work on the measurement of thermal diffusion coefficients in binary liquid solutions (Guczi and Tyrrell, to be published), but, as will be seen, it is capable of wide application. In these experiments, films (about 1 mm thick) of liquid are kept between two pairs of horizontal metal plates; there are, therefore, two thermal diffusion cells in parallel. The upper plates are in good thermal contact with a heat reservoir maintained at a constant temperature by circulating water from a thermostat through it. The lower plates rest on a Frigistor semiconductor heat pump, which, in turn, rests upon a second heat reservoir kept at the same temperature as the first one. The temperature difference between the two pairs of plates i s controlled by the current passing in each direction through the Frigistor unit and is regulated by a bridge circuit described in an earlier communication (Guczi and Tyrrell 1964) . The actual magnitude of this, which ranges from zero up to about 1 degc, is determined by variable resistances placed in two of the bridge arms. Continuous manual control of these resistances is possible, and it is, in addition, possible to switch resistances of between 20 and 100 ohms, in steps of 10 ohms, into one arm of the bridge, thereby altering the temperature difference across the cell plates in a series of predetermined steps. The temperature of one of the upper plates is measured with respect to an ice-bath with a five-junction copper-constantan t On leave from the Institute of Isotopes, Budapest, Hungary. 650 thermocouple (Tc l), and the temperature differences between the upper and lower members of each pair are monitored by two similar thermocouples (Tc 2, Tc 3). Control of this temperature difference by the bridge regulator circuit is achieved by placing a pair of reasonably well-matched thermistors (Gulton, type 32CB1), one in the upper and another in the lower member of one pair of plates. After assembling and filling the cells the whole system is brought to a uniform temperature by adjusting the bridge; then suitable temperature gradients are applied across the liquid f i l m s and the steady-state refractive index gradients within the f b are recorded photographically using a phase-contrast Schlieren technique (Wiedemann 1958) . In our present experiments the full procedure is as follows.
(i) Adjust (manually) the Frigistor bridge circuit until Tc 2 and Tc 3 show that there is no significant temperature difference between the plates.
(ii) Photograph the phase contrast Schlieren images prpduced by light passing through the cells when they are III this isothermal condition.
(iii) Change the resistance in one arm of the bridge '0 obtain the lowest temperature interval required, and wa! until this has been attained. With our equipment this requires between 20 and 40 minutes.
(iv) Check the zero of the recorder and measure the temperature of the upper plate (Tc 1) and the temperature differences between the upper and lower members of each pair of plates (Tc 2, Tc 3).
(v) Photograph the interference images at suitable intervals over a period of time (e.g., three exposures of three seconds each at 10 minute intervals).
(vi) Repeat (iv).
(vii) Increase the temperature interval by one Step, and repeat the cycle from step (iii).
(viii) When all the steps in the temperature cycle haye been completed, set the bridge to condition (i) and again photograph the Schlieren images.
A complete experiment of this kind takes several boys' apart from the time required to adjust to isothermal C0ndltl0llS at the beginning and end of each run.
Programmed con troller for sequential operations
Completely automatic control of such experiments, and full freedom to change the timing and order of each item in be sequence has been achieved using the equipment for the block diagram is shown in figure 1 . All operations and manual controls for the camera, temperature programme and temperature-measuring sections of the controller can over-ride the automatic control at any time. We have found it convenient to provide, in addition to the pilot light system, are controlled by a Ferrograph (Wright and Weare) tapedeck, the tape itself having signals impressed on it, at suitable intervals, of one of the following four frequencies (c/s): 395, 440, 480, 500, both the frequency and duration of the signal being of importance. The output from the tape head is fed through the main amplifier into a vibrating reed unit (R.E.P. Remote Control) which, on receipt of an amplified signal of any one of the above four frequencies, operates one of four relays for a time equal to the duration of the tape signal. Each frequency therefore corresponds to a quite separate information channel. Relay 1 operates a uniselector switch (Unisel. 1) which is responsible for carrying out the operations described under (iv) above. First, the Brown recorder and Knick preamplifier (type A2) is switched on, the input to the preamplifier short-circuited, and the zero of the recorder trace checked. This can be adjusted manually if necessary. Each thermocouple is connected in turn to the recorder on receipt ofthe appropriate frequency signal from the tape, the recorder zero is again checked, and the uniselector then runs back to its initial position. If desired, commands on any one of the other three information channels can be interpolated between the successive commands to uniselector 1, without upsetting this sequence of operations. The sensitivity of the recording system can be varied by changing the proportion ofthe output signal from the preamplifier which is fed to the reorder; this is done automatically at the appropriate steps the temperature cycle by uniselector 2. This, operated from relay 2, also switches, at each signal, a larger resistance m ! O one arm of the bridge regulator, thus producing stepw~e increases in the temperature difference across the plates.
3 actuates the motor driven 35 mm camera (Praktina
I1.
A.) the duration of the exposure being controlled by the of the tape pulse (camera shutter set at B). When the exposure is complete the camera mechanism winds the film on and re-cocks the shutter in readiness for the next exposure, without further instructions. The state of the whole system is shown at all times by a system of pilot lights, an audible indication of the tape signal using a transistorized amplifier and loudspeaker fed from the last stage of the main amplifier. Direct operation of a loudspeaker from the main amplifier led to a signifcant reduction of the signal strength reaching the reed unit and loss of performance.
In our present experiments it is necessary to wait in step (iii) for relatively long times before the temperature equilibrium is fully established. During this time no readings are taken and no signals appear on the tape. To conserve tape, and to extend the duration of a controllable experiment, a facility for stopping the tape for a deikite period has been incorporated in the controller. The tape-deck motor can be stopped by momentarily earthing a particular point in the tape-deck control circuit, and will not thereafter re-start until an impulse is sent through a solenoid which operates the normal start mechanism. The circuit for this automatic preset ON-OFF control is shown in figure 2. A signal of the correct frequency to operate relay 4 is impressed en the tape at the required point. This relay, a two-pole change-over type, has its contacts in the normally closed position shown. On change-over it closes a circuit which operates relay 5 after a delay imposed by the capacitance (low p~, 15 v working) in parallel with it. When relay 5 changes the starting circuit for the automatic clock (Elremco, Star auto reset timer) is completed, and the tape-deck control circuit at the point referred to above is connected to one of the normally closed contacts of relay 4. As long as relay 4 is held open by the tape signal, the tape continues to run. When the signal ceases relay 4 closes more rapidly than relay 5, and the motor circuit is earthed during the delay before relay 5 completes the change-over and thereby returns the tape-deck to the normal stop condition. This device ensures that the signal on the tape which has actuated relay 4 has cleared the tape head before the tape motor stops and cannot therefore affect the system when the auto-timer restarts the tape motor. Figure 2 shows how this is done, through relay 6 and the delayed-action relay 7. For simplicity, the operation of the controller has been P. figure 1 ).
into two main groups, characteristic of any type of expe,iment, namely:
(i) control of experimental conditions (ii) recording of experimental data.
In almost any experiment, both classes of operation can be performed electrically, or mechanically, the mechanical action being triggered by an electrical impulse. This controller is capable of directing both classes, as can be seen, and it a n therefore be applied quite generally to the control of expe,i. mental operations. The essential advantage of the present instrument is the use of a programmed tape, and several separate information channels. Each uniselector can carry Out up to 50 operations in a pre-determined sequence; the separate channels can be used in any desired order. "& makes it possible to change the experimental programme within quite wide limits simply by changing the sequence of signals on the tape.
